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I t  h a s  b e e n  s h o w n  t h a t  c o a l  l i q u e f a c t i o n '  a n d  c o ~ r o c e s s i n g ~ * ~  
o f  c o a l  w i t h  p e t r o l e u m  s o l v e n t s  c o u l d  b e  c a r r i e d  o u t  u s i n g  s y n g a s  
( H r + C O )  a n d  s t e a m  i n s t e a d  o f  h y d r o g e n .  H i g h  c o a l  c o n v e r s i o n  

c o u l d  b e  o b t a i n e d  w i t h  c o n s i d e r a b l e  s a v i n g  i n  h y d r o g e n  c o n s u m p -  
t i o n .  E a r l i e r  s t u d i e s  h a v e  a l s o  s h o w n  t h a t  m o d e l  c o m p o u n d s  c o u l d  
b e  h y d r o g e n a t e d  a n d  d e s u l f u r i z e d  i n  t h e  p r e s e n c e  o f  p e t r o l e u m  
s o l v e n t s  a n d  c a t a l y s t  u s i n g  s y n g a s  w i t h  s t e a m .  I t  w a s  c o n s i d e r e d  
t h a t  t h e  C O  i n  t h e  s y n g a s  r e a c t s  w i t h  s t e a m  t o  f o r m  h y d r o g e n  v i a  
w a t e r - g a s  s h i f t  r e a c t i o n .  a n d  t h a t  t h e  h y d r o g e n  f o r m e d  c o u l d  a l s o  
p a r t i c i p a t e  i n  t h e  h y d r o g e n a t i o n  'of c o a l .  b u t  t h e  f a t e  o f  h y d r o -  
g e n  f o r m e d  f r o m  t h e  w a t e r - g a s  s h i f t  r e a c t i o n  was n o t  k n o w n .  I t  
i s  known t h a t  d e u t e r i u m  i s  i n c o r p o r a t e d  i n t o  r e a c t i o n  p r o d u c t s  
d u r i n g  c o a l  l i q u e f a c t i o n  u n d e r  D z  g a s ' .  a n d  t h a t  h y d r o g e n /  
d e u t e r i u m  t r a n s f e r  o c c u r s  a m o n g  s o l v e n t .  r e a c t i o n  p r o d u c t s  a n d  
g a s  when d e u t e r i u m - l a b l e d  s o l v e n t s  a r e  u s e d  i n  c o a l  l i q u e f a c t i o n  
e x p e r i m e n t s 5 .  

T h i s  s t u d y  d e a l s  w i t h  h y d r o d e s u l f u r i z a t i o n  o f  a s u l f u r -  
c o n t a i n i n g  m o d e l  c o m p o u n d  u s i n g  s y n g a s  a n d  s team.  I n  o r d e r  t o  
u n d e r s t a n d  t h e  r o l e s  o f  m o l e c u l a r  h y d r o g e n  a n d  w a t e r  i n  t h e  
s y n g a s  s y s t e m  d u r i n g  t h e  h y d r o d e s u l f u r i z a t i o n .  e x p e r i m e n t s  were 
c a r r i e d  o u t  t o  t r e a t  d i b e n z o t h i o p h e n e  i n  t h e  p r e s e n c e  o f  s o l v e n t  
a n d  c a t a l y s t  u n d e r  p r e s s u r e  u s i n g  Hz-CO-Dz0.  D z - C O - H z 0  a n d  N z - D z O  
s y s t e m s .  D e u t e r i u m  g a s  a n d  Dz0  were u s e d  i n  a n  e f f o r t  t o  s t u d y  
t h e  i n c o r p o r a t i o n  o f  h y d r o g e n  f r o m  t h e  g a s  a n d  water by t r a c i n g  
t h e  m i g r a t i o n  o f  d e u t e r i u m  t h r o u g h  t h e  s y s t e m .  

E X P E R I M E N T A L  

T h e  h y d r o d e s u l f u r i z a t i o n  o f  d i b e n z o t h i o p h e n e  was c o n d u c t e d  
i n  a s h a k i n g  2 5 - m I  m i c r o r e a c t o r  i n  t h e  p r e s e n c e  o f  d e c a l i n  
s o l v e n t  a n d  a c o m m e r c i a l  N i M o / A l z O s  c a t a l y s t ( N i p p o n  M i n i n g  C o . )  
u s i n g  s y n g a s  a n d  water  a t  a n  i n i t i a l  p r e s s u r e  o f  a b o u t  7 0  kg /cm2  
i n  m o s t  c a s e s .  T h e  r e a c t o r  w a s  q u i c k l y  h e a t e d  U P  i n  a f l u i d i z i n g  
s a n d  b a t h  a n d  m a i n t a i n e d  a t  4 0 0 ° C  f o r  4 5  m i n u t e s .  a n d  t h e n  
r a p i d l y  q u e n c h e d  i n  a c o l d  water  b a t h .  V a r i o u s  R z : C O : H z O  m o l e  
r a t i o s  w i t h  H 2 / C O  m o l e  r a t i o s  v a r y i n g  f r o m  1 t o  3 a n d  H z O / G O  m o l e  
r a t i o s  v a r y i n g  f r o m  0 . 3  t o  1 . 0  were u s e d .  F o r  t h e  e x p e r i m e n t s ,  
a m i x t u r e  o f  3 0  p a r t s  o f  d i b e n z o t h i o p h e n e  a n d  7 0  p a r t s  o f  s o l v e n t  
w a s  p l a c e d  i n  t h e  m i c r o r e a c t o r .  1 0  w e i g h t  % [ b a s e d  o n  t h e  
m i x t u r e )  o f  g r o u n d  p r e s u l f i d e d  c a t a l y s t  was c h a r g e d .  a n d  
c a l c u l a t e d  a m o u n t  o f  w a t e r  w a s  a d d e d  b e f o r e  t h e  r e a c t o r  was 
p r e s s u r e d  w i t h  s y n g a s .  A f t e r  t h e  r e a c t i o n .  t h e  l i q u i d  p r o d u c t s  
w e r e  a n a l y z e d  b y  a S h i m a d z u  G C - I 4 A  g a s  c h r o m a t o g r a p h  u s i n g  O V - 1  
f u s e d  s i l i c a  c a p i l l a r y  c o l u m n ( 6 0 m X  0 . 2 5 m m @  ) .  a n d  g a s o u s  p r o d u c t s  
w e r e  a n a l y z e d  b y  a S h i m a d z u  GC-14A g a s  c h r o m a t o g r a p h .  

I n  e x p e r i m e n t s  u s i n g  Dz g a s  a n d  D z 0 .  a n  i n i t i a l  p r e s s u r e  o f  
a b o u t  4 0  k g / c m 2  was u s e d  b e c a u s e  o f  l o w  p r e s s u r e  a v a i l a b l e  f o r  
t h e  D z  bomb.  T h e  l i q u i d  p r o d u c t s  were a n a l y z e d  b y  a S h i m a d z u  Q P -  
1 0 0 0  g a s  c h r o m a t o g r a p h - m a s s  s p e c t r o m e t e r .  S p e c t r a l  a n a l y s i s  was 
p e r f o r m e d  u s i n g  t h e  known s p l i t  p a t t e r n s  o f  v a r i o u s  u n d e u t e r a t e d  
c o m p o u n d s .  F o r  t h e s e  r u n s .  s amples  o f  t h e  g a s e o u s  p r o d u c t s  w e r e  
o b t a i n e d  b y  p a s s i n g  t h r o u g h  a d r y  i c e  a n d  a c e t o n e  t r a p  t o  r e m o v e  
m o i s t u r e  P r i o r  t o  a n a l y s i s  u s i n g  g a s  c h r o m a t o g r a p h  a n d  a ULVAC 
M S Q - 1 5 0 A  q u a d r a p o l e  mass a n a l y z e r .  F o r  h y d r o g e n  a n a l y s i s .  
r e l a t i v e  i n t e n s i t i e s  o f  p e a k s  o f  m o l e c u l a r  i o n s  were u s e d  t o  
e s t i m a t e  t h e  r e l a t i v e  p o r t i o n s  o f  H z .  HD. a n d  D z .  
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RESULTS A N D  DISCUSSION 

B Y d r o d e s u l f u r i z a t i o n  o f  D i b e n z o t h i o p h e n e  i n  V a r i o u s  
S o l v e n t s .  D u r i n g  c o a l  l i q u e f a c t i o n ,  l a r g e  c o a l  m o l e c u l e s  
f r a g m e n t  t h e r m a l l y  a n d  a r e  h y d r o g e n a t e d  v i a  h y d r o g e n  t r a n s f e r  
f r o m  a d o n o r  s o l v e n t .  C o p r o c e s s i n g  o f  c o a l  w i t h  p e t r o l e u m  
s o l v e n t s  u s i n g  e i t h e r  h y d r o g e n  o r  s y n g a s  w i t h  s team w a s  a l s o  
a i d e d  by t h e  p r e s e n c e  o f  t e t r a l i n 3 .  D i h e n z o t h i o p h e n e  w a s  
i n i t i a l l y  h y d r o d e s u l f u r i z e d  i n  t h e  p r e s e n c e  o f  v a r i o u s  s o l v e n t s  
i n c l u d i n g  d e c a l i n .  t e t r a l i n .  a n d  a m i x t u r e  o f  d e c a l i n  a n d  a n  
a r o m a t i c  c o m p o u n d .  T h e  r e s u l t s  o f  h y d r o d e s u l f u r i z a t i o n  c a r r i e d  
O u t  u n d e r  h y d r o g e n  a n d  s y n g a s  p r e s s u r e s  a r e  s h o w n  i n  T a b l e  I .  
D i b e n z o t h i o p h e n e  w a s  e a s i l y  h y d r o g e n a t e d  a n d  d e s u l f u r i z e d  by 
h y d r o g e n  t o  f o r m  m a i n l y  b i p h e n y l .  c y c l o h e x y l b e n z e n e .  b i c y c l o -  
h e x y l .  a n d  d e c o m p o s e d  p r o d u c t s .  T e t r a l i n  d o n a t e d  s o m e  h y d r o g e n  
t o  f o r m  n a p h t h a l e n e ,  b u t  was a l s o  h y d r o g e n a t e d  t o  f o r m  d e c a l i n .  
D e c a l i n  c o n v e r t e d  t o  s m a l l  a m o u n t s  o f  t e t r a l i n  a n d  n a p h t h a l e n e .  
A n  a r o m a t i c  c o m p o u n d  w a s  a d d e d  w i t h  a n  i n t e n t i o n  o f  f i n d i n g  o u t  
t h e  e f f e c t s  o f  a r o m a t i c  c o m p o u n d s  o n  h y d r o g e n  t r a n s f e r  b e t w e e n  
d e c a l i n  a n d  d i b e n z o t h i o p h s n e .  T h e  h y d r o g e n a t e d  p r o d u c t s  f r o m  1- 
m e t h y l n a p h t h a l e n e  was n o t  i n c l u d e d  i n  t h e  t a b l e .  When  a n  
a r o m a t i c  c o m p o u n d  was  a d d e d  t o  d e c a l i n  a s  t h e  s o l v e n t ,  t h e  e f f e c t  
o n  t h e  p r o d u c t  d i s t r i b u t i o n  was n o t  c o n c l u s i v e .  b u t  h i g h  d i b e n z o -  
t h i o p h e n e  c o n v e r s i o n s  w e r e  o b t a i n e d  w i t h  a l l  s o l v e n t s .  I t  
a p p e a r s  t h a t  c a t a l y t i c  h y d r o g e n a t i o n  b y  h y d r o g e n  g a s  p l a y s  t h e  
d o m i n a n t  r o l e  w i t h  r e s p e c t  t o  t h e  h y d r o d e s u l f u r i z a t i o n .  

When d i b e n z o t h i o p h e n e  w a s  t r e a t e d  w i t h  s r n g a s  a n d  s t e a m  
( H ~ : G 0 : H ~ 0 = 1 : 1 : 0 . 3 ) .  t h e  h y d r o g e n a t i o n  a n d  d e s u l f u r i z a t i o n  
a c t i v e t i e s  were l o w e r .  T h e  y i e l d s  o f  h y d r o g e n a t e d  p r o d u c t s .  
c ~ c l o h e x y l b e n z e n e  a n d  b i c y c l o h e x r l .  were l o w e r .  T h e s e  r e s u l t s  
i n d i c a t e  t h a t  t h e  p e r f o r m e n c e  o f  s y n g a s  i n  h y d r o d e s u l f u r i z a t i o n  
d i d  n o t  c o m e  u p  t o  t h e  s a t i s f a c t o r y  l e v e l  t h a t  w a s  o b s e r v e d  i n  
c o a l  l i q u e f a c t i o n .  I n  c o a l  l i q u e f a c t i o n .  t h e  p e r f o r m a n c e s  w i t h  
s y n g a s  a n d  H 2  c o m p a r e  r a t h e r  c l o s e l y  e x c e p t  t h a t  a s p h a l t e n  l e v e l s  
o f  t h e  s y n g a s  p r o d u c t s  were s o m e w h a t  h i g h e r ’ .  

T a b l e  2 s h o w s  t h e  r e s u l t s  o f  h y d r o d e s u l f u r i z i n g  d i b e n z o t h i o -  
p h e n e  u s i n g  d e c a l i n  s o l v e n t  a n d  s y n g a s  w i t h  s t e a m  a t  v a r i o u s  
H z : G O : H z O  r a t i o s .  T h e  d i b e n z o t h i o p h e n e  c o n v e r s i o n  i n c r e a s e d  w i t h  
H n / C O  m o l e  r a t i o .  w h i l e  H z O / C O  m o l e  r a t i o  was  m a i n t a i n e d  a t  0 . 6 .  
T h e  d a t a  i n d i c a t e  t h a t  t h e  H20 l e v e l  a t  t h e  H ? O / G O  m o l e  r a t i o  o f  
a b o u t  0 . 6  i s  a p p r o p r i a t e  o r  a b o u t  opt , imum t o  g i v e  b e t t e r  r e s u l t s  

I y i e l d i n g  m o r e  h y d r o g e n a t e d  p r o d u c t s .  T h e  e x t e n t  o f  w a t e r - g a s  
s h i f t  r e a c t i o n  w a s  r a t h e r  e x t e n s i v e  a s  c a n  b e e n  s e e n  f r o m  h i g h  G O  
c o n v e r s i o n s  o b t a i n e d  i n  a l l  r u n s .  T h e  G O  c o n v e r s i o n s  were 
c a l c u l a t e d  o n  t h e  b a s i s  o f  t h e  a m o u n t s  o f  C D n  f o r m e d .  A s  was 
o b s e r v e d  i n  c o a l  l i q u e f a c t i o n  a n d  c o p r o c e s s i n g  u s i n g  s y n g a s .  H Z  
f o r m a t i o n  v i a  w a t e r - g a s  s h i f t  r e a c t i o n  r e s u l t e d  i n  r e d u c t i o n  o f  
h y d r o g e n  c o n s u m p t i o n  a n d  i n c r e a s e  o f  H z / C O  m o l e  r a t i o  a f t e r  t h e  
r e a c t i o n .  

1 

i 

i 

R y d r o d e s u l f u r i z a t i o n  U s i n g  S y n g a s  C o n t a i n i n g  0 2 0  a n d  0 2 .  
E x p e r i m e n t s  w i t h  s y n g a s  c o n t a i n i n g  Dn0 a n d  D n  were c a r r i e d  o u t  t o  
o b s e r v e  how t h e  h y d r o g e n  t r a n s f e r  r e a c t i o n s  o c c u r e d  f r o m  Hn0 a n d  
g a s - p h a s e  h y d r o g e n .  D i b e n z o t h i o p h e n e  was h y d r o d e s u l f u r i z e d  i n  
t h e  p r e s e n c e  o f  d e c a l i n  s o l v e n t  u s i n g  H n - C O - D z O ( 1 : l : I )  a n d  D z - C O -  
HzO(1:I:I) g a s  s y s t e m s  a s  s h o w n  i n  T a b l e  3 .  A n o t h e r  e x p e r i m e n t  
u s i n g  N z - D z O ( 2 : I )  system was a l s o  c a r r i e d  o u t .  I n i t i a l  p r e s s u r e s  
o f  s y n g a s  a n d  N n  u s e d  were l o w e r ( a h o u t  4 0  kg /cm‘ )  i n  t h i s  s e r i e s  
o f  e x p e r i m e n t s  b e c a u s e  o n l y  a l i m i t e d  p r e s s u r e  o f  D Z  g a s  was 
a v a i l a b l e .  S i m i l a r  t o  t h e  r e s u l t s  s h o w n  i n  T a b l e  2 .  b o t h  t h e  
h y d r o d e s u l f u r i z a t i o n  a n d  w a t e r - g a s  s h i f t  r e a c t i o n  p r o g r e s s e d  
m o d e r a t e l y .  I n  t h e  e x p e r i m e n t  u s i n g  N z - D z O  s y s t e m .  s o m e  d i b e n z o -  
t h i o p h e n e  d e c o m ~ o s e d  t o  f o r m  b i p h e n y l .  a n d  t h e  f o r m a t i o n  o f  
n a p h t h a l e n e  f r o m  d e c a l i n  i n c r e a s e d .  

T h e  r e a c t i o n  p r o d u c t s  a n d  r e m a i n i n g  s o l v e n t s  were a n a l y z e d  
u s i n g  C C - U S .  a n d  d e u t e r i u m  d i s t r i b u t i o n s  i n  t h e  p r o d u c t s  a n d  
s o l v e n t s  a r e  s h o w n  i n  F i g u r e  1 .  I n  t h e  H n - C O - 0 2 0  s y s t e m .  t h e  
c y c l o h e x y l b e n z e n e  p r o d u c t  was d e u t e r a t e d  e x t e n s i v e l y  t o  f o r m  d 2 .  
d 3 .  d r .  d s .  a n d  d e  s p e c i e s .  b u t  no dm o r  d ’  s p e c i e s  was p r e s e n t .  
D e u t e r i u m  w a s  a l s o  d i s t r i b u t e d  w i d e l y  t o  t h e  b i p h e n y l  p r o d u c t .  
a n d  a l l  s p e c i e s  f r o m  d e  t o  d s  w e r e  p r e s e n t .  L a r g e  p a r t s  o f  c i s -  
d e c a l i n  was i s o m e r i z e d  t o  t r a n s - f o r m .  h u t  b o t h  f o r m s  s i m i l a r l y  
c o n t a i n e d  a b o u t  3 0 %  o f  d l - d e c a l i n .  O n l y  t r a n s - d e c a l i n  w a s  s h o w n  
i n  F i g u r e  1 .  T h e  H / D  e x c h a n g e  o f  0 2 0  w i t h  t h e  d e c a l i n  s o l v e n t  
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w a s  n o t  a s  e x t e n s i v e  a s  t h a t  w i t h  t h e  p r o d u c t s .  I n  t h e  D z - C O - H z 0  
s y s t e m .  i t  was n o t e d  t h a t  d e u t e r i u m  was i n c o r p o r t e d  o n l y  
m o d e r a t e l y  i n t o  c y c l o h e x y l b e n z e n e  a n d  b i p h e n y l .  b o t h  f o r m i n g  d i .  
d z .  a n d  d3 spec ie s .  O n l y  a b o u t  2 0 %  o f  d ,  s p e c i e s  was p r e s e n t  i n  
e i t h e r  t r a n s -  o r  c i s - d e c a l i n .  I t  is o f  i n t e r e s t  t o  o b s e r v e  t h a t .  
u n d e r  N z  p r e s s u r e ,  H / D  e x c h a n g e  o c c u r e d  e x t e n s i v e l y  b e t w e e n  Dz0 
a n d  d i b e n z o t h i o p h e n e .  E v e n  t h o u g h  t h e  a m o u n t s  o f  c y c l o h e x y l  a n d  
b i p h e n y l  f o r m e d  were s m a l l e r ,  d e u t e r i u m  w a s  i n c o r p o r a t e d  i n t o  
t h e s e  p r o d u c t s  m o r e  e x t e n s i v e l y  t h a n  w a s  o b s e r v e d  i n  t h e  D z - C O -  
H z O  s y s t e m .  A l t h o u g h  n o t  s h o w n  i n  t h e  f i g u r e .  t h e  s p e c t r a  o f  t h e  
u n r e a c t e d  d i b e n z o t h i o p h e n e  o b t a i n e d  f r o m  t h e  e x p e r i m e n t s  c a r r i e d  
o u t  i n  t h e  H z - C O - D z O  a n d  Nz-Dz0 s y s t e m s  i n d i c a t e d  t h a t  t h e y  were 
a l l  D - s u b s t i t u t e d  s p e c i e s  c o n t a i n i n g  d n .  d z .  d 3 .  a n d  d r  s p e c i e s .  
H o w e v e r .  i t  was o b s e r v e d  t h a t  t h e  u n r e a c t e d  d i b e n z o t h i o p h e n e  
o b t a i n e d  i n  t h e  D z - C O - H ~ O  s y s t e m  was  n o t h i n g  b u t  t h e  d t  s p e c i e s .  

T h e  e x t e n s i v e  H / D  e x c h a n g e  o b s e r v e d  b e t w e e n  d i b e n z o t h i o p h e n e  
a n d  D 2 0  u n d e r  N z  p r e s s u r e  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  r e p o r t e d  
b y  K a b e  e t  a16 d e a l i n g  w i t h  h y d r o g e n  e x c h a n g e  o f  Hz0 w i t h  c o a l  o r  
p h e n o l i c  m o d e l  c o m p o u n d s .  I n  t h e  c a s e  d e a l i n g  w i t h  h y d r o g e n  
e x c h a n g e  b e t w e e n  s y n g a s - H z O  a n d  d i b e n z o t h i o p h e n e .  t h e  s i t u a t i o n  
i s  n o t  t h e  same.  W a t e r  p a r t i c i p a t e s  i n  t h e  w a t e r - g a s  s h i f t  
r e a c t i o n  a s  e v i d e n c e d  b y  t h e  f o r m a t i o n  o f  C o n .  I t  i s  e x p e c t e d  
t h a t  t h e  Dz0 i n  t h e  s y n g a s - D z 0  s y s t e m  r e a c t s  w i t h  C O  t o  f o r m  
a c t i v e  d e u t e r i u m  w h i c h  l e a d s  t o  t h e  f o r m a t i o n  o f  D z .  a n d  i n  t h e  
p r o c e s s .  s o m e  a c t i v e  d e u t e r i u m  may b e  i n c o r p o r a t e d  i n t o  d i b e n z o -  
t h i o p h e n e  a n d  t h e  s u b s t r a t e s .  

To  o b s e r v e  t h e  e x t e n t  o f  D a t o m s  f r o m  D n 0  t r a n s f e r  b a c k  t o  
f o r m  d i h y d r o g e n  s u c h  a s  H D  a n d  Dz i n  g a s e o u s  p r o d u c t s .  t h e  g a s e s  
were a n a l y z e d  b y  g a s  c h r o m a t o g r a p h  a n d  q u a d r a p o l e  m a s s  s p e c t r o -  
meter .  T h e  a n a l y t i c a l  r e s u l t s  a r e  g i v e n  i n  T a b l e  4 .  I t  is n o t e d  
t h a t  s o m e  d e u t e r i u m  i n  D z 0  is p r e s e n t  i n  H D  a n d  D z  i n  t h e  s y n g a s -  
D z 0  s y s t e m .  w h i l e  n o  d e u t e r i u m  i s  p r e s e n t  i n  t h e  " h y d r o g e n  g a s e s "  
o f  t h e  g a s e o u s  p r o d u c t s  i n  t h e  Nz-Dz0  s y s t e m .  A smal l  a m o u n t  o f  
H z  f o r m e d  i n  t h e  N z - D z 0  s y s t e m  may h a v e  c o m e  f r o m  t h e  d e h y d r o -  
g e n a t i o n  n r  d e c o m p o s i o n  o f  t h e  s o l v e n t  a n d  r e a c t a n t .  I n  c o n t r a s t  
t o  t h e  e x p e r i m e n t  i n  t h e  H z - C O - D z 0  s y s t e m  w h e r e  H D  a n d  D Z  were 
f o r m e d  . t h e  e x p e r i m e n t  i n  t h e  D z - C O - H z O  s y s t e m  y i e l d e d  g a s o u s  
p r o d u c t s  c o n t a i n i n g  H D  a n d  H n  i n  t h e  " h y d r o g e n  g a s e s " .  T h e s e  
r e s u l t s  i n d i c a t e  t h a t .  u n l i k e  D z 0  i n  t h e  N z - D z 0  s y s t e m .  Dn0 i n  
t h e  s y n g a s - D n O  s y s t e m  o r  H z 0  i n  t h e  D z - C O - H z O  s y s t e m  f o r m s  a c t i v e  
d e u t e r i u m  o r  h y d r o g e n .  r e s p e c t i v e l y .  w h i c h  i n  t u r n  i s  i n c o r p o -  
r a t e d  i n t o  t h e  r e a c t a n t  a n d  s u b s t r a t e s  o r  l e a d s  t o  t h e  f o r m a t i o n  
o f  H D  a n d  D z  o r  H D  a n d  H z .  r e s p e c t i v e l y .  I n  t h e  N z - D z O  s y s t e m ,  
m o s t  d e u t e r i u m  i s  p r o b a b l y  i n c o r p o r a t e d  i n t o  t h e  r e a c t a n t  b y  
e x c h a n g e  r e a c t i o n s .  I t  may t h e n  h e  c o n c l u d e d  t h a t  b o t h  g a s - p h a s e  
h y d r o g e n  a n d  h y d r o g e n  f o r m e d  v i a  t h e  w a t e r - g a s  s h i f t  r e a c t i o n  i n  
t h e  s y n g a s - H n 0  s y s t e m  c o n t r i b u t e  t o  h y d r o d e s u l f u r i z a t i o n .  a n d  t h e  
a c c o m p a n y i n g  w a t e r - g a s  s h i f t  r e a c t i o n  i s  b e n e f i t i a l  i n  r e d u c i n g  
H z  c o n s u m p t i o n .  
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Table 1. Hydrodesulfurization of Dibenzothiophene 
(Catalyst:Nibb/AIz03. Initial F’ress:70 W d .  Tenp:400 “c. Time:45 min) 

Gassystem 
Solvent 

Dibenzothiophene cnnv., % 94.2 
Bicrclohexyl formed. % 7.4 
CYclohexvlbenzene formed. % 24.8 
Biphwl formed. % 33.6 
Decalin remained. % 84.2 
t d c i s  ratio 4.8 

Tetralin formed. % 2.9 
Naphthalene formed. % 0.2 
I-Methylnaphthalene remained. 9: - 
CO conv.. % 
Hz c o w . .  wt% of dibenzothiophene 5.2 

I 

I 

94.1 
3.8 
32.6 
39.5 
16.9’ 
4.0 
67.ZD 
7.0 

6.0 

H -CO-LO 1:1:0.3 
&lin Tetra& Decalin t Decal: Tetral(in d l i n  t 

I-methyl- 
naphthalene 

94.8 
3.8 
30.8 
43.8 
83.8 
4.5 
5.0 
1.6 
22.9 

7.3 

74.8 77.1 
0.3 1.2 
21.2 21.1 
42.0 44.0 
91.2 4.3” 
4.0 3.7 
3.8 75.3b 
1.1 18.4 

32.5 40.3 
2.0 2.0 

I-methyl- 
naphthalene 

80.4 
1.0 
16.6 
54.5 
89.4 
4. I 
4.8 
2.0 
51.5 
39.8 
3.4 

‘Decalin formed 
bTetralin remained 

Table 2. Hydrodesulfurization Using Smw at Various L/COhO Hole Ratios 
(Catalyst:Nibb/A1203. Solvent : Decalin. Temp:400 T. Time:45 min) 

SmpaS-LO L-CO-LO 
(1: l:O. 3) 

Initial symm wgs.. Wa8 
Dibenzothiophene mv.. % 
Bicyclohexyl fonoed. % 
Cyclohwlbenzene formed. % 
Biphwl formed. % 
Decalin mined. % 
trans/cis ratio 

Tetralin formed. % 
Naphthalene formed. % 
CO conv.. % 
HZ onmuup.. wt% of dibenzothiophme 
Hz/CO ratio after the reaction 

70 
74.8 
0:3 
21.2 
42.0 
91.2 
4.0 
3.8 
1.1 

32.5 
2.0 
1.5 

Hz-0-LO 
(1 : 1:O. 6) 

63 
72.0 
1.5 
20.6 
41.5 
92.2 
4.0 
4.1 
1.1 
34.7 
0.9 
1.6 

L-CO-LO 
(1:l:l) 

55 
63.7 
0.6 
14.6 
44.5 
92.2 
3.8 
4.6 
1.9 
26.6 
0.1 
1.4 

L-0-LO 
(2: 1:O. 6) 

70 
78.7 
2.5 
24.1 
36.7 
91.4 
4.3 
3.0 
0.4 
25.8 
1.6 
2.7 

L-CD-LO 
(3:l :O. 6) 

70 
81.0 
2.8 
26.1 
36.8 
92.8 
4.3 
3.2 
0.5 
35.3 
2.7 
5.2 

Table 3. Hydrodesulfurization Using Syngas-DzO or Devterim Containing Gasg 
(Catalyst:Nibb/A1203. So1vent:Decalin. Twp:400 “c. Tire45 mid 

Gassvstep 

Initial pres.. W d  
Dibenmthiophene conv.. % 
Bicyclohexyl formed. % 
Cyclohexylbazene formed. I 
B i k l  formed. % 
Decalin mined. % 
trans/cis ratio 

Tetralin formed. % 
Naphthalene formed. % 
CO cnnv.. % 

L-CO-D20 
( 1 : I : l )  
40 
74.5 
0.6 
14.1 
43.9 
84.0 
3.8 
5.5 
2.5 
30.1 

Dz-CO-LD Nz-DZO 
(1: 1: 1) @:I) 
40 40 
69.5 35.0 
0.3 trace 
11.4 0.2 
45.4 27.2 
87.0 82.6 
4.0 2.2 
5.3 3.7 
2.9 7.1 
23.3 
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Table 4.  G . C .  and M.S. Analysis of Gnseous Prarlucts 

Gas system 112 -co-ao 02 -M-1120 N 2 - b f l  

- 

Gaseous p r a h r C t . 9 ,  mol % 
a, 40. I 3s. 2 

15. n 12.7 
94 .9  

a)2 
N2 

L l  41.3 482 _ _  3.6  

a The reminders are Ob. Clle. and IhS. 

II,-CO-D?O system 

8o  t 
40 6 o k  c\ 

100 

GO "I \ 
0 I.(_. 

D,-CO-il20 system 

4 0 t  \ 
de dl d 7  d? d r  d s  r k  

D i s t r i b u t i a n  a f  deuter i lrm i n  solvmt a n d  prnclucts  F i g u r e  1 
0 t - D e c a l i n  A B i p h e n y l  0 C r c l n h e x y l b e n z e n e  
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